Attachment values of Mycoplasma pneumoniae to glass are normally very low when tested in buffer containing bovine serum albumin (10 mg/ml). However, the addition of one of the metabolizable sugars glucose, fructose, or mannose increased attachment more than 10-fold. The effect was dose dependent with a distinct optimum at about 0.25 mg/ml. Higher concentrations reduced this effect. Not only the sugars themselves but also the products of their catabolism, pyruvate and phosphoenolpyruvate, enhanced attachment. Pyruvate was effective in the same range of concentrations as the sugars, whereas phosphoenolpyruvate enhanced attachment at a significantly lower concentration (0.001 mg/ml). Higher levels of these substances also resulted in a decrease of attachment. The glucoseinduced increase could be partially inhibited by glucose analogs, especially by 3-0-methyl-glucopyranoside, and by various inhibitors of glycolysis. Furthermore, attachment was strongly reduced by the uncoupling agents carbonylcyanide mchlorophenylhydrazone and 2,4-dinitrophenol, as well as by dicyclohexylcarbodiimide, an inhibitor of the membrane-bound Mg2e-adenosine triphosphatase, whereas the ionophore valinomycin increased attachment by about 30%. These findings provide strong evidence for coupling between the attachment process of M. pneumoniae to glass and the utilization of metabolic energy.
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The respiratory pathogens Mycoplasma pneumoniae and Mycoplasma gallisepticum are capable of attaching firmly to glass and plastic surfaces (3, 8, 16, 27, 29) . Although this property is well established, there is little information on the molecular basis of the mechanism(s) responsible for this particular kind of attachment. Recent studies using M. gallisepticum (16) and M. pneumoniae (8) in protein-free buffer suggest an essential role of electrostatic forces. Membrane proteins were found to be of minor importance, because pretreatment of the cells with trypsin or glutaraldehyde did not affect attachment of M. pneumoniae (8) and only partially affected attachment of M. gallisepticum (16) . However, attachment values were lowered by about 90% when protein, e.g., bovine serum albumin (BSA), was added to the buffer. The addition of glucose to the experimental system apparently stimulated a mechanism enabling the mycoplasmas to adhere to glass in the presence of protein (8) . In the current study more data were obtained confirming the marked influence of the metabolic activity of the mycoplasmas on their attachment to glass.
MATERIALS AND METHODS Mycoplasmas. The growth conditions and collection of [3H]pahnitic acid-labeled M. pneumoniae strain FH cells were carried out as described previously (8) , but the cells were harvested after 40 to 45 h at 370C, when the pH of the medium had decreased only to 7.25 to 7.35. The effect of the various substances on the morphology of the mycoplasmas was controlled in cover slip chambers (3) .
Chemicals. The following substances were used: trypsin from bovine pancreas (40 U/mg, twice crystallized), BSA, 2-deoXy-D-glucose, 2,3,5-triphenyl-tetrazolium chloride, pyruvate, and phosphoenolpyruvate from Serva (Heidelberg, West Germany); 1-0-methyla-D-glucopyranoside (a-methyl-D-glucoside), 3- Adherence assay. Quantitative determination of the attachment of tritiated M. pneumoniae cells to glass cover slips was performed as described previously (8) . Briefly, 0.5-ml samples of the mycoplasma suspension in cups of Linbro plates were allowed to settle on glass cover slips within 3 h at 37°C. The cover slips were rinsed and transferred to scintillation liquor. All tests were run in quadruplicate, and the mean value was calculated. The standard deviation of the method ranged from ±2 to ±6%. The buffer systems used were tris(hydroxymethyl)aminomethane (Tris) buffer, pH 7.2 (8), BSA buffer (Tris buffer containing 10 mg of BSA per ml) (8) , and BSA-glucose buffer (BSA buffer containing 0.5 mg of glucose per ml). Some experiments were carried out with cells suspended in culture medium instead of buffer.
Treatment with trypsin. Pretreatment of the mycoplasmas with trypsin was performed as previously described (8) . Trypsin was added to mycoplasmas in Tris buffer to a final concentration of 50 jg of trypsin per mg of cell protein. After digestion of the cells and subsequent inhibition of trypsin (8) the suspension was divided into two portions, which were centrifuged (5 min at 8,000 x g) and then resuspended in BSAglucose buffer with a final concentration of about 100 jig of cell protein per ml. In an additional experiment the attachment test was performed in the presence of 50 jig of chloramphenicol per ml.
Metabolic inhibition test. The minimal inhibitory concentrations of valinomycin, CCCP, and DCCD were determined by the tetrazolium reduction inhibition test as described previously (23) .
Iodination of mycoplasmas. The lactoperoxidase-catalyzed radio iodination ofM. pneumoniae surface proteins was carried out as described previously (2, 14, 15) . The reaction mixture (about 15 ml) contained 50 mM phosphate buffer (pH 7.4), 250 mM NaCl, 60 IU of lactoperoxidase (Sigma), 600 to 750,tCi of carrier-free Nal25I (Amersham Buchler), 10 uM unlabeled NaI, 4 IU of glucose oxidase (Miles Laboratories, Inc., Elkhart, Ind.), and 6 mM glucose.
Sodium dodecyl sulfate-gel electrophoresis.
The distribution of the iodine label in M. pneumoniae membrane surface was studied by sodium dodecyl sulfate-polyacrylamide gel electrophoresis by the method of Amar et al.
(1). After electrophoresis the gels were immediately chilled at -20°C for about 5 min and sliced laterally into 1-mm sections, and the radioactivity in the slices was counted by gamma scintillation spectrometry. RESULTS Influence of pH. When attachment was measured at various pH values in two different buffer systems containing BSA (10 mg/ml) and glucose (0.5 mg/ml), a sharp pH optimum was found near 7.2 in both systems (Fig. 1) bMycoplasma protein was at 115 to 124 iLg/ml. (Fig. 3) (20) , (ii) inhibitors of glycolysis suppress the glucose effect, (iii) blocking of the Mg2+-dependent adenosine triphosphatase by DCCD (11, 18, 21) inhibits the glucose effect, and (iv) adherence is affected by ionophores like valinomycin and CCCP.
However, the latter two substances show different effects on attachment. CCCP acts as a proton conductor short-circuiting the proton motive force across the cell membrane (12 the trypsin-sensitive substances mediating celladherence (7, 10) has to be investigated.
All of the data suggest that cell energization is at least partially necessary for attachment of M. pneumoniae to glass. This is in agreement with the observation that only metabolically active M. pneumoniae cells were able to attach to and infect respiratory epithelium (9, 22) . Several energy-requiring mechanisms could be involved in attachment: (i) an influence on the vertical disposition of membrane proteins, (ii) a change in the horizontal pattern of membrane surface proteins or other hypothetical binding sites, or (iii) the maintenance of cell shape.
A role of vertical disposition is suggested by the results obtained with valinomycin. However, it is unknown whether membrane fluidity or membrane potential is the regulating force for such changes. The other possible mechanism, horizontal movement of membrane surface components, may involve the action of contractile elements of the cytoskeleton. In contrast to bacterial adhesion factors, which are in most cases relatively rigid structures located on the cell wall, the membranes of mycoplasmas are potentially capable of rearranging the membrane surface structure in direct response to outside stimuli. Therefore, it seems possible that the contact to another surface triggers some kind of clustering of binding sites enabling the cell to attach firmly to the receptor structure. The maintenance of the cell shape might be another factor contributing to attachment. In rounded cells, e.g., after complement action (4), the binding sites could be retracted and less accessible to host receptors.
The role of adherence to inert surfaces in the host-parasite interactions remains subject to speculation. Since pronounced adherence is found in the few species known to be motile (23) 
